We show that the hierarchically small µ term in supersymmetric theories is a consequence of two identical pairs of Higgs doublets taking a democratic form for their mass matrix. We briefly discuss the discrete symmetry S2 × S2 toward the democratic mass matrix. Then, we show that there results an approximate Peccei-Quinn symmetry and hence the value µ is related to the axion decay constant.
I. INTRODUCTION
The large hadron collider (LHC) at CERN in Geneva, Switzerland was designed to study the mass scale problem in physics, and has produced enough data over the last year to conclude an important discovery [1] . Also, the recent reports from satellite experiments [2, 3] have attracted a great deal of attention regarding possible particle spectrum in the TeV (or 100-1000 GeV) mass region. Probably, the satellite data will select in the near future some theoretical models in the TeV energy region. Search for all the particles in the Standard Model (SM) has been completed with the Higgs boson discovery [1] . The Higgs boson is responsible for giving masses to all the SM particles and the discovery has indeed confirmed the mechanism giving mass, with a remarkable precision, to gauge bosons [4] and to fermions [5] . In the SM, this is possible by introducing just one Higgs doublet: {H + , H 0 } or {H 0 , H − }. Fundamental particles influence the evolution of the universe. Among these, light particles, light in the Planck mass unit M P (≃ 2.44 × 10
18 GeV), dominated the recent evolution dynamics of the universe. The new Alpha Magnetic Spectrometer (AMS) data does not rule out the possibility that a cold dark matter component is weakly interacting massive particle with mass near TeV [3] . The recent reports [2] from the Planck collaboration support the inflationary idea on the density perturbation without a noticeable non-gaussianity. The inflationary idea is based on general relativity with an inflaton field(s) which is a 'fundamental-scalar' boson. Indeed, the discovery of Higgs boson as a fundamental scalar supports the 'fundamental-scalar' inflaton idea and influences already in selecting possible allowed inflationary models [6] . In this Letter, we are interested in two fundamental scalars, the Higgs boson and the very light axion [7] .
But the light 'fundamental-scalar' from the Planck mass or from the grand unification (GUT) mass (M G ≃ 2.5 × 10
16 GeV) point of view is the so-called gauge hierarchy problem. Because of the quadratic divergence of the 'fundamental-scalar' mass, an extreme fine-tuning of boson mass parameters is needed and now, after the discovery of the Higgs boson, we have the real 'fundamentalscalar' mass problem. Supersymmetry (SUSY) is an attractive idea mildly extending the SM to reliably control the 'fundamental-scalar' mass problem. The simplest extension is called the Minimal Supersymmetric Standard Model (MSSM), introducing a superpartner for every SM particle except for the Higgs doublet.
For the Higgs doublet, it is extended to one pair
} and then supersymmetrized. In the MSSM, however, there are two serious problems: the µ problem [8] and the strong CP problem [9] . The µ term, µH u H d , gives order µ Higgs boson mass. The problem is that this µ term breaks no low energy symmetry and is naturally expected to be of order the Planck scale M P or the GUT scale M G .
1 In Fig. 1 in the first column, we show several interesting hierarchically separated mass scales of particle physics.
The strong CP problem is a problem on how the QCD vacuum angle θ is bounded to the extremely small region, |θ| < 10 −10 [13] . The most attractive solution is extending the SM again with a symmetry, i.e. via the PecceiQuinn (PQ) global symmetry [9] , eventually leading to the invisible axion [7] and axino by SUSY [14] . However, the PQ global symmetry is not warranted in gravitational interactions [15] . Even though no superpartner of the SM has not been found so far, still the SUSY extension seems most attractive for the 'light (i.e. 126 GeV)' Higgs boson, possibly with SUSY manifested somewhat above TeV, for example by the family dependent U(1) quantum numbers [16] . So we continue to use SUSY here.
To understand small masses, we anticipate a scenario shown in the second column of Fig. 1 where zero mass is obtained in the first step. The Goldstone boson idea may work for this. However, due to the gravity dilemma on global symmetries [15] , we do not adopt a global symmetry. Surprisingly, we find that if 'democracy' among the same type of particles is present, some massless particles result, and even some approximate global symmetries can 1 We note that the µ problem has been discussed long time ago with the PQ symmetry [8] , with supergravity effects [10] and in string models [11] . More recently, the discrete Z R 4 symmetry has been discussed also [12] . 
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1: Important mass scales in particle physics. The scale µ (0) is for the lowest order toward a natural solution, and the scale µ is generated at higher orders. Here, MI the intermediate scale.
follow. In order to address the democracy problem with SUSY, we must spell out the µ problem. On this road, we obtain an approximate global symmetry which will be interpreted as an approximate PQ symmetry. Thus, the gravity argument against axion [15] does not apply here since we never introduce the PQ symmetry. So finally, the axion decay constant is related to the SUSY parameter µ, and sets a scale for the axion decay constant F a at the intermediate scale M I .
Obtaining massless particles naturally was considered long time ago for three families of fermions right after the discovery of τ and b under the name of 'flavor democracy' [17] . The chief motivation of Ref. [17] was in order to obtain the heavy third family fermions, rather than to obtain two massless fermions of the first two families. For the flavor democracy of three up-type quarks, one introduces the permutation symmetries on three flavors, independently for the left-handed(L) fields and for the right-handed(R) fields: S 3 (L) × S 3 (R). Then, the mass matrix for the up-type quarks takes the form,
leading to the mass eigenvalues of m t , 0, and 0. This kind of S 3 ×S 3 is not helpful for obtaining just one pair of massless Higgs doublets, or by SUSY one pair of massless Higgsino doublets.
Therefore, to obtain just one massless pair of Higgsino doublets in SUSY models, we need 
II. HIGGS-FLAVOR-DEMOCRACY
Our solution of the µ problem is by introducing just two pairs of Higgsino doublets at the GUT scale M G . But, the unification of gauge coupling constants at a GUT scale M G requires only one pair of Higgs doublets {H u , H d } at low energy [18] , which is understood as in the second column of Fig. 1 with just one pair surviving below the GUT scale. If the two Higgsino pairs are not distinguished by any quantum number and geometry of the internal space, there must be the permutation symmetries, S 2 (H u ) and S 2 (H d ). Then, the democratic form for the Higgsino mass matrix can be obtained,
which gives Higgsino mass eigenvalues M G and 0. The Higgs-flavor-democracy based on S 2 (H u )×S 2 (H d ) works as follows. The representation content of S 2 is only a singlet 1. The tensor product (for the mass matrix) of two S 2 singlets, i.e.
u ) T and
d ) T , contains two independent real parameters m E and m O for the diagonal and off-diagonal combinations, respectively,
where α and β are the SU(2) W gauge group indices of the SM. Now, let us apply
Comparing Eqs. (2) 
Note, however, that the M ǫ term alone has an additional continuous symmetry SO (2) . Restricting to the discrete symmetry only, we set M ǫ = 0. The mass matrix is diagonalized to the new (
Indeed, one can find a few string models allowing two identical pairs of Higgs doublets in the MSSM [19, 20] . We note that Ref. [20] contains two pairs of Higgs doublets in the twisted sector T 6 , has the Higgs-flavordemocracy, and so naturally contains a light pair of Higgs doublets.
III. GENERATION OF TEV SCALE µ
Since the Higgs-flavor-democracy gives one pair of the Higgsino doublets zero mass, one has to break the Higgsflavor-democracy to obtain a TeV scale µ, or the massless Higgsino can never obtain mass. In the SUSY field theory framework, we show a possibility that the Higgs-flavordemocracy is broken. Let us take the minimal Kähler potential K = Φ i Φ † i where Φ i (i = 1, 2) is the gauge group non-singlet field such as the Higgs superfield and X i (i = 1, 2) and X i (i = 1, 2) are gauge group singlet superfields, obeying the common S 2 × S 2 symmetry of Φ i (i = 1, 2) and Φ i (i = 1, 2),
and similarly for the barred fields. Let us introduce a very light QCD axion in the SM singlet fields [7] , X (0) and X (0) , for 10 9 GeV ≃ F a ≃ 10 12 GeV. For the VEVs of X (0) and X (0) not to be fine-tuned, the moduli from antisymmetric tensor B MN are not suitable for the QCD axion since the corresponding decay constants are above 10 16 GeV [21] . So, we assume that X and X are arising from some matter representations which are nontrivial representations of a subgroup of E 8 , for example. H u,d , X and X are Higgs matter and they can be put in the same representations of a GUT group, e.g. (×, ×, ×, H
T . In this example, S 2 (L) acts commonly on H u and X, and S 2 (R) acts commonly on H d and X. Then, XX and XX are not allowed and we consider only XX. Let us consider the following S 2 (L) × S 2 (R) symmetric non-renormalizable term [8] ,
The shaded diagram for the effective dimension-4 superpotential of superfields X (0) and H (0) . This generates the µ term and defines the PQ charges. It can arise from a GUT completed model shown on the RHS whereẼ x,h are the GUT scale inos.
We have not included both X 1 X 1 and X 2 X 2 terms be-
T , being not moduli, can have different extra U(1) quantum numbers. Also, there exists a string argument disallowing them [22] . Both terms of (7) combine to parametrize interactions of the light fields. For the effective interaction of light fields, the fields with index (0) matter, and detailed combinations are hidden and we will present it with the first term only. To have VEVs of X and X fields, let us consider an S 2 × S 2 symmetric superpotential with a singlet
Here, we removed the tadpole term of the X i and X i fields by an appropriate matter parity such as P (X i ) = P (X i ) = −1, and others with the even parity. There exists a flavor-democracy breaking minimum, Z = 0, X 1 = X 1 = F a , X 2 = X 2 = 0. Since there also exists the S 2 × S 2 symmetric vacuum Z = 0, X 1 = X 1 = X 2 = X 2 = 0, our choice of democracy breaking minimum is spontaneous. At the democracy breaking vacuum, X 1 = X 1 = F a and X 2 = X 2 = 0, we generate the following term
From Eqs. (5) and (9), we obtain the following Higgsino mass matrix
where µ = F 2MP   FIG. 3: A diagram violating the PQ symmetry. Here, MG is a GUT scale Higgsino mass.
which was anticipated below Eq. (7). The Higgs multiplets H
u and H
d , and define their PQ charges. Then, the PQ charges of X (0) and X (0) are given through Eq. (11).
The diagram Fig. 3 breaks the PQ symmetry, gives a correction to µ, which is smaller than Fig. 2 by a factor µ/M G . Thus, the PQ symmetry is approximate, and the explicit PQ symmetry breaking term considering H
will lead to a very small θ QCD term at the order µ/M G ∼ 10 −14 , well below the current bound of 10 −10 [13] . But the SUSY breaking must be considered, otherwise the axion is massless due to the massless gluino. Then, the soft term(the A-term from Fig. 3 ) breaks the PQ symmetry with the strength,
where tan β = v u /v d . To have |θ| < 10 −9 , we need the extra contribution to the axion potential is no more than 4 × 10 −12 GeV 4 . So, in the gravity mediation scenario we need λ 2 / tan β O(10
√ tan β). One may guess that λ of Fig. 2 is 1 if it appears from the gravity sector, but it is not so. The 1/M coupling for example arises from the RHS diagram of Fig. 2 , so that f xe f he /f xh V xh leads to λ = f xe f he M P /MẼ where MẼ = f xh V xh . Taking M P /MẼ ≈ 10, we need a product of Yukawa couplings of |f xe f he | 10
√ tan β. So, f xe and f he each of order 10 −2 will satisfy this bound. In the gauge mediation scenario, the gravitino mass is in the eV range and the resulting |θ| is completely negligible.
Note that the VEV of X 1 (and X 1 ) is the common scale for breaking the S 2 symmetry toward a nonzero µ and the axion decay constant F a , anticipated long time ago in [23] , to realize the invisible axion [7] . Probably, it is a good rationale that the invisible axion scale is the intermediate scale M I . So, the axion mass is in the range 10 µeV − 1 meV [13] . It has been observed that gravity is not respecting the PQ global symmetry [15] , and hence the components of the antisymmetric tensor field B MN in string models [24] and approximate global symmetries from string [25] were tried for the QCD axion. So, the QCD axion based on the discrete symmetry even at the field theory level is circumventing all these worries. The effective PQ symmetry we obtain here from the matter field X 1 and X 1 leads to a reasonable QCD axion from string.
V. ON THE GUTS
Finally, we comment on how the solution of the µ problem is resolved in GUTs. For a complete GUT example, we refer to the flipped SU(5) GUTs [26] from the Z 12−I orbifold compactification [27, 28] and from the fermionic string [29] . In particular, we find two pairs of Higgs doublets in the twisted sector T 0 4 of Ref. [28] , as shown in Table I . But we present the discussion at the supersymmetric field theory level below. The GUT Higgs multiplets h
2 have the infamous doublet-triplet splitting problem. In the flipped SU(5), it is resolved by coupling the color (anti-)triplets in h u and h d to the color (anti-)triplets in H ≡ 10 −1 from T 3 and H ≡ 10 1 from T 9 by W ∼ i HHh
2 But one combination out of two color triplet pairs of h u and h d remains massless if [29] . Thus, introducing W hu and W h d , we achieve the doublet-triplet splitting in the flipped SU(5) GUT.
VI. CONCLUSION
Introducing a global symmetry in string models toward the strong CP solution by spontaneous breaking of the PQ symmetry has been a dilemma for a long time. In this Letter, we have found a mechanism to introduce it approximately on the way to solve the µ problem with Higgs-flavor-democracy. The underlying symmetry is the discrete S 2 (H u ) × S 2 (H d ) symmetry for two identical pairs of Higgs doublets, {H
d } (i = 1, 2), at the high energy scale. Being discrete, the S 2 (H u ) × S 2 (H d ) symmetry can be realized in string models. In sum, it has not escaped our attention that two identical pairs of Higgs doublets with supersymmetry introduce Higgsflavor-democracy, bring one pair down to the TeV scale solving the µ problem naturally, and predicts a very light axion. Finally, we note that the underlying discrete symmetry is free from the gravity argument against the axion.
